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ABSTRACT 

We use deep wide-field photometry from tfie Large Binocular Camera to study the stellar and 
structural properties of the recently discovered Andromeda X and Andromeda XVII (And X and 
And XVII) dwarf galaxies. Using the mean apparent magnitude of the horizontal branch (HB), we 
derive distances of 621 ± 20 kpc to And X and 734 ± 23 kpc to And XVII, closer by >60 kpc 
than the previous estimates which were based on red giant branch (RGB) observations. Thus our 
results warrant against the use of the RGB tip method for determining distances to systems with 
sparsely populated RGBs, and show how crucial HB observations are in obtaining accurate distances 
in systems such as these. We find that And X is a relatively faint (My = —7.36), highly elongated 
(e = 0.48) system at a distance of 174 ± 62 kpc from Andromeda. And XVII is brighter (My 
= —8.61) with an M31-centric distance of 73 kpc which makes it one of the closest satellites to 
Andromeda. Both galaxies are metal-poor: we derive {[Fe/ H])=—2.2 for And X, while And XVII 
shows {[Fe/H]) — —2.0, consistent with the relation of higher luminosity dwarfs being more metal- 
rich. Additionally, both galaxies show considerable intrinsic spreads in metallicity (0.2 and 0.3 dex 
for And X and And XVII respectively), consistent with multiple stellar populations. 
Subject headings: 



1. INTRODUCTION 

Our view of the low-mass end of galaxies has dras- 
tically broadened over the last decade with the discov- 
ery of systems now a hundred times fainter than previ- 
ously known. Through its proximity, the Local Group 
affords a resolved look at the individual stars of dwarf 
galaxies, playing a crucial role in understanding their 
star formation histories. Initially, Local Group obser- 
vations were at odds with the standard cosmological 
framework of Cold Dark Matter, which predicts hun- 
dreds of halos to surround massive galaxies such as the 
Milky Way and Andromeda, howe ver only a few tens o f 
dwarf galaxie s are observed (e.g., iKlvpin et al.l ()1999D : 
IMoore et al. I ([1999)). Now, evidence has been mount- 
ing that star formation in low-mass halos becomes in- 
efficient, eventually dropping below a limiting thresh- 
old, thus potentially explaining this 'missing satellite' 
pr oblem (e.g. Maccio et al. (2010); Ki et al. (2010); 
ICooper et al. I (12010 1'). 

Even with this limiting threshold, many open ques- 
tions remain: what is the minimum stellar mass we can 
associate with a dark matter halo? Are all known dwarf 
galaxies bound systems? Are these faint galaxies all mul- 
tiple stellar populations and self-enriched? We are lim- 
ited by the paucity of examples with sufficient structural 
and population parameters. Therefore, looking deeply at 
satellites of the two nearest galaxies, the Milky Way and 
Andromeda (M31), is important for overcoming selection 
effects and investigating environmental differences. 

In this context we present here deep photometry 
of Andromeda satellites which we use to obtain ba- 
sic parameters of two recently discovered dwarf galax- 
ies, Andromeda X and Andromeda XVII (And X and 



And XVII) . And X was initially found in a d edicated scan 
of M3 1 in the Sloan Digital Sky Survey bv lZucker et al.l 
(|2007l ). while And XVII was found in observations of 
the inner ~50 kpc of Andromeda, performed with the 
Wide Field Cain era on the Isaac Newton Telescope 
(jlrwin et al.ll2008[ ). From observations o f the upper mag- 
nitudes of the RGB. lZucker et al.l (|2007[ ) and llrwin et al.l 
({2008) derived luminosities, metallicities and distances to 
each galaxy based on the RGB. We argue that, with their 
sparsely sampled RGBs, the absence of sub-horizontal 
branch (HB) photometry for these systems is detrimen- 
tal to the accuracy of their distance estimates. 

We have used the wide field imager on the Large Binoc- 
ular Telescope (LBT) to obtain photometric observations 
that are deep enough to reach the HB. These observa- 
tions increase the accuracy of the previously derived dis- 
tances by using the mean HB magnitude, and the derived 
structural parameters through the increased star counts. 
In the following sections we briefly describe the data re- 
duction and present the calibrated colour-magnitude di- 
agrams (CMDs) in [J2] The structural parameters are 
derived in §3.11 Our methods for deriving the distances, 
metallicities and luminosities are described in §3.2) §3.3( 
and §3.4| respectively. Finally, a short summary of our 
results is presented in 2) 

2. OBSERVATIONS 

In 2008, we received Large Binocular Camera (LBC) 
observing time on the LBT to observe the two dwarf 
galaxies, And X and And XVII. Our observations with 
the blue eye of the telescope aimed to reach a signifi- 
cant signal-to- noise ratio (S /N) at the level of the HB of 
each galaxy. To accomplish this, observations of And X 
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Fig. 1. — Left panel: Extinction-corrected CMD of stars within an elliptical region (a = 1.5', e = 0.48, and P.A.= 46° ) centered on 
An d X. Overlaid is an isochrone corresponding to [Fe/H]=— 2.2, [a/Fe]=+0.4, which has been shifted to the distance of And X determined 
in il3.2l Center panel: The underlying CMD contamination in a region of equal coverage to that of the left panel, but centered on a 
point in the same field offset from the dwarf. Right panel: The V-band LF of the region centered on And X is represented by the larger 
turquoise histogram, while the inner gray histogram represents a background region. In th e up per right corner, the inset blue histogram 
shows the mean background corrected LF of blue HB stars based on 1000 realizations (see i|3.2l for details) . Our derived background and 
completeness-corrected mean magnitude of the HB is, < Vhb >=24.41, and results in an absolute distance modulus of (m — M)o = 24.01 
± 0.07. 



comprise 10 x 2 min and 8x2 min exposures in the V 
and B bands respectively and observations of And XVII 
comprise 10 x 4 min in the V band and 9x2 min ex- 
posm-es in the B band with a seeing of Ril arcsec. By 
taking a series of exposures, each star was detected mul- 
tiple times, thereby helping to improve the precision of 
the final photometry. Additionally, several Landolt stan- 
dard star fields were observed in order to calibrate the 
final photometry. 

Once observed, all images were pre-processed with 
MPIAPhot, a set of MIDAS routines developed to re- 
duce wide- field imager data^. Bias images and twilight 
fiats observed during the same nights as the And X and 
XVII observations were used to generate master bias and 
fiat field images. After de-biasing and flat-fielding the 
frames, they were divided into individual images for their 
four chips. Both dwarf galaxies are surrounded by bright 
stars, producing a varying background level from chip to 
chip. We therefore focus only on chip 2 which contains 
the dwarf galaxy in both cases. Astrometry on single 
science frames w as performed by comp arison with the 
UCAC catalogue (iZacharias et al.l ()2000D ). 

Instrumental magnitudes for all stars were obtained us- 
ing the point spread function (PSF) modeling and fitting 
technique s in the D AOPHO T/ALLSTAR/A LLFRAME 
packages (jStetson I (.1987): Stetson fc Harrisi (^1988)). In 
essence, these programs work by detecting stars on a 
specific image, building a model PSF from a few iso- 
lated, bright stars and then subtracting this PSF from 

^ http:/ /www. mpia.de/HIROCS/mpiaphot.pdf 



all stars detected. In the final catalog of detections, 
DAOPHOT provides a sharp index which measures the 
degree to which an object's intrinsic angular radius dif- 
fers from that of the model PSF, i.e., real stars have 
a sharp value near zero. Detections with large positive 
sharp values have larger characteristic radii compared 
to the PSF model and are most likely resolved galaxies 
where as detections with very negative sharp values have 
apparent radii smaller than the seeing profile, and are 
likely to be cosmic rays. We apply a cut of | sharp | < 1 
and |chi| < 2 to extract stars from the final photometry 
catalog for our analysis, which have a high probability of 
being real stars. 

To obtain the photometric equations, the Landolt stan- 
dard fields were used to solve for the zero points and 
colour terms which were then applied to the science fields. 

We de-reddened our phot ometry by apply i ng a u niform 
correction according to the'Schlegel et aLl (|1998[ ) maps, 
assuming an extinction to reddening ratio Av/E[B — 
V) = 3.1 and Ab/E{B -V)^ 4.1. 

3. PROPERTIES OF THE SATELLITES FROM 
COLOUR-MAGNITUDE DIAGRAM MAPS 

We present our resulting CMDs in Figures [T] and [2l 
plotting all stars within two half-light radii of each dwarf 
(as determined in §3.1|) . Our observations of each galaxy 
extend from the tip of the RGB, down to the HB to a 
S/N of 5 at «25; for And XVII, this is a dramatic 
improvement over the previous CMD from the discov- 
ery paper which contain ed only the upper part of the 
RGB ()Irwin et al.ll2008D . Both galaxies show well de- 
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Fig. 2. — Left panel: Extinction-corrected CMDs of stars within an elliptical region (a = 1.5', e = 0.36, and P.A.= 127° ) centered 
on And XVII. Ove rlaid is an isochrone corresponding to [Fe/H]=— 2.0, [«/Fe]=-|-0.4 which has been shifted to the distance of And XVII 
determined in ^3.21 Center panel: The underlying CMD contamination in a region of equal coverage to that of the left panel, but centered 
on a point in the same field offset from the dwarf. Right panel: The V-band LF of the region centered on And XVII is represented by 
the larger turquoise histogram, while the inner gray histogram represents a background region. In the upper right corner, the inset blue 
histogram shows the mean background corrected LF of blue HB stars based on 1000 realizations (see i|3.2l for details). Our derived mean 
magnitude of the HB is < Vhb >=24.83, and results in a absolute distance modulus of 24.36 ± 0.06. 



fined HBs, and interestingly, And XVII shows a signifi- 
cant population of blue HB stars, {B — V) < 0.3, similar 
to those of metal-poor Galactic globular clusters. And X 
and And XVII both show steep RGBs and no evidence of 
a red clump, which indicates that the stellar populations 
are relatively metal-poor. Without observing the main- 
sequence turnoff it is not possible to derive a precise age 
of any stellar system. However, it is possible to constrain 
whether a system is young or old based on other features 
in the CMD. For example, no population of thermally 
pulsating asymptotic giant branch stars is seen in our 
CMDs, therefore we can rule out the presence of a very 
young stellar population. 

In the central panel of Figures [T] and [H we show the 
underlying CMD contamination in a region of equal area 
more than 7 arcmin away from the dwarf center, on the 
same chip. This gives a qualitative view of the contami- 
nation from the background, which is made up of Milky 
Way foreground, a few M31 halo stars and unresolved 
background galaxies masquerading as stars around the 
same magnitude as the HB. Due to the problematic po- 
sition of these contaminates in the CMD, the effect of 
these galaxies must be carefully removed when determin- 
ing distances. It is on the basis of these CMDs that we 
derive greatly improved estimates of their distance and 
structure. 

3.1. Structural Parameters 

The structural parameters of the two dwarf galaxies 
w ere determined by following th e technique presented 
in 'Martin, de Jong fc Rixl ()2008l ). and later updated in 
iMartin et al. , (,2009l) to account for the halos of bright 
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Fig. 3. — Spatial distribution of stars with colours consistent 
with being RGB and HB members around And X (left panel) and 
And XVII (right panel) in chip 2 of the LBC. Both galaxies appear 
as obvious stellar over-densities. The solid ellipses correspond to 
the region within one half-light radii of each dwarf galaxy, assuming 
the structural parameters listed in Table 1. The dashed ellipses 
correspond to the areas we have chosen for background correction. 
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TABLE 1 

Properties of And X and And XVII. 



Parameter 



And X 



And XVII 



a (J2000) 
5 (J2000) 

PA (North to East) 

e = 1 - b/a 

rfi{arcmin) 

E(B-V)^ 

(m - M)o 

D (kpc) 

rM3i (kpc)2 

Mv 

{[Fe/H])roGyr^ 
Intrinsic [Fe/H] spread 



1:06:35.3 (±10") 
+44:48:03.8 (±10") 
46° ± 5 
0.44 ± 0.06 
1.30 ± 0.10 

0.128 
24.01 ± 0.07 
621 ± 20 
174 ± 29 

-7.36 ± 0.07 (photometric) +/ 0.92 (systematic) 
-2.2 
-2.1 
-2.1 
0.23±0.04 dex 



0:37:08.0 (±10") 
+44:18:53.0 (±10") 
122° ± 7 
0.27 ± 0.06 
1.24 ± 0.08 

0.0728 
24.36 ± 0.06 
734 ± 23 
73 (min 49, max 100) 
-8.61± 0.07 (photometric) +/ 0.30 (systematic) 
-2.0 
-1.9 
-1.7 
0.31 ±0.03 dex 



1 Itjchiegel et aTl STmS ) 

2 We assume a distance to M31 of 783±25 kpc flMcConnachie et ai.l II2005I) '). 
^ Here we have adopted [a/Fe]=+0.4. 

Here we have adopted an age of 13 Gyr. 
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Fig. 4.— Stellar profiles of And X and And XVII. In both 
panels, the stellar density measured in fixed elliptical annuli from 
the LBC data is shown as dots, using the best ellipticity, position 
angle and centroid found by the fitting algorithm (the uncertainties 
are derived assuming Poisson statistics). These data points are 
corrected for incompleteness produced by CCD gaps and the halo 
of bright stars. The full lines represent the best exponential radial 
density models constructed from the best fit half-light radii and 
background levels, which are represented by the thin dashed lines. 
Although they are not fits to the data points, the profiles are in 
good agreement with them. 



stars and the limited spatial extent of the data. We refer 
the reader to these p apers for more details, and, in par- 
ticular, section 2.1 of IMartin. de Jong fc Rix I ()2008[ ) for 
a detailed description of the model used. To summarize, 
stars with a location in the color-magnitude space that 
is compatible with either the RGB, or the HB of the sys- 
tem (shown in Figure [3]) are used to constrain the best 
exponential radial profile for each dwarf galaxy which is 
shown in Figure |4l The fit relies on the maximum likeli- 



hood technique to yield the best estimate of the centroid 
{ao,So), the half-light radius (r/j), the ellipticity^ of the 
system (e), the position angle (P.A.) of the major axis 
of the system from north to east, as well as the con- 
tamination of foreground/background sources, taken as 
a constant over the field of view. The best values of these 
parameters and their corresponding uncertainties (deter- 
mined as explained in Martin et al. 2009) are listed in 
Table 1. 

Investigating the spatial distribution of different stel- 
lar sub-populations, we found no significant difference 
between the metal-poor and metal-rich stars in either 
galaxy. For both galaxies, a Kolomogorov-Smirnov test 
implies an inconclusive 25% probability that both metal- 
rich and metal-poor samples have the same radial distri- 
butions. 



3.2. Distances 

Previous distance determ inat i ons to bo th And X and 
And XVII (Zucker et al. 2002 Hrwin et al. 2008) were 
made using the /-band RGB tip magnitude which marks 
the core helium flash of low-mass Population II stars. 
The advantages of using the tip as a distance indicator 
have long been recognized: both empirical and theoret- 
ical studies find the RGB tip I-band magnitude to be 
virtually constant for systems older than ~ 2 Gyr with 
metallicities between —2.2 < [Fe/H] < —0.7. However, 
this method is only reliable when the RGB tip is well 
populated in the photometry. For systems with sparsely 
populated RGBs, the location of the tip becomes increas- 
ingly difficult to determine, as is the case for And X and 
And XVII. Thus, when applying the RGB tip method 
to fainter galaxies such as these, critical stars around the 
tip of the RGB may not be present leading to an overesti- 
mated distance. By obtaining photometry which reaches 
the HB, we circumvent these uncertainties, leading to a 
more confident distance modulus. 

The ellipticity of the system is here defined as e = 1 — b/a, 
with b the scale-length of the system along its minor axis and a 
that along its major axis. 
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Fig. 5. — Left: The red giant branch stars of And X overlying 13 Gyr old lDotter et aO 120071 ) isochrones. All stars of the CMD are 
shown in open gray circles, and those selected to be RGB members are represented by filled pink circles. From left to right, the isochrones 
range in motallicity from —2.5 to —1.1 and are shown in increments of 0.2 dex. Upper Right: The mcta llicity distribution of the RGB 
stars shown in the left panel, averaged over 1000 re-samplings based on their photometric errors (see i|3.3l for details). Lower Right: The 
distribution of the individual A[Fe/H]s, averaged over 1000 RGB re-samplings. The spread of this distribution is the expected [Fe/H] width 
of the RGB due to photometric errors alone. Subtracting this off the observed spread in quadrature, we arrive at a intrinsic mctallicity 
spread of 0.23 ± 0.04 dex. 



The absolute mean magnitude of the HB is weU estab- 
hshed through RR Lyrac measurements to produce the 
fohowing cahbration of Caceiari & Clementini (2003): 

Mv{HB) = (0.23±0.04)([Fe/i?]-Hl.5)-H(0.59±0.03). 

The mean metahicity of each galaxy determined in 
Q implies My(HB)' = 0.43 ± 0.06 for And X and 
My(HB) = 0.47 ± 0.05 for And XVII. 

The distance modulus then results from subtracting 
these values from the mean apparent magnitude of the 
HB, (Vhb)- To quantify (Vhb), and its associated error 
from our data, including the individual photometric un- 
certainties, we use a Monte Carlo approach. We assume 
a bivariate Gaussian distribution for the photometric er- 
rors of each star, with fiy and ^b-v as the position of 
each star and the standard deviation set as the photomet- 
ric error, cry and gb-v^ associated with each individual 
star. To test whether our photometric uncertainties are 
truly Gaussian, we compared the photometry presented 
in the paper with that obtained by applying a com pletely 
differe nt algorithm, namely that presented by Irwi n et al.l 
(|2001f). The two algorithms are completely independent 
(PSF versus aperture photometry) yet the distribution of 
differences in magnitudes measured by the two methods, 
normalized by the sum of the photometric uncertainties 
added in quadrature yield a Gaussian distribution. We 
are therefore confident that our photometric uncertain- 
ties are indeed Gaussian for the range of magnitudes 21- 
24.5. 

We generate 1000 HBs by drawing points at random 
from the Gaussian photometric error distribution of each 
star in the CMD, and applying a colour cut of {B — 
V) < 0.5 to produce 1000 HB realizations. For each 
realization, we generate a background corrected T^-band 
HB luminosity function (LP). 

To obtain the apparent magnitude of the HB we must 



account for the fact that the faint end of the HB is be- 
ing affected by completeness, which could skew the mean 
to brighter magnitudes. We therefore compute the com- 
pleteness function of our observations using the globular 
cluster, M92, and then forward model this effect on a 
Gaussian fit to the blue HB histogram (upper right panel 
of Figures 1 and 2, thus finding the mean magnitude of a 
deformed Gaussian which was the product of a Gaussian 
and our completeness function. This method results in 
the mean apparent magnitude of the HB being 0.03 mag 
fainter compared to the value obtained when not taking 
the completeness of the data into account. It is therefore 
only a mild correction. 

In the right panels of Figures [T] and [21 we show 
the mean background corrected HB LF of our 1000 
realizations. From the distribution of the means of 
the 1000 background and completeness-corrected HB 
LFs, we compute (yf/B)=24.41± 0.03 for And X and 
{Vhb)=24:.80± 0.03, where the standard deviation of 
these distributions are taken as the uncertainty on 
{Vhb). _ 

Combining our determinations of absolute and ap- 
parent magnitude, we derive distance moduli of (m — 
M)o=23.98 ± 0.07 to And X and 24.33 ± 0.07 for 
And XVII. These correspond to line-of-sight distances of 
621 ± 20 kpc and 734 ± 23 kpc for And X and And XVII, 
respectively. To determine M31-centric distances, we 
adopt the distance m odulus of M31 to be (m — M)o = 
24.47 ± 0.07, following lMcConnachie et "all ((20051) . or 783 
± 25 kpc. With the angular separation of And X from 
the center of M31 being 5.5 °, this gives a projected sepa- 
ration of 75 kpc at the distance to M31. Combining this 
with the line-of-sight distance derived from the HB, we 
obtain an M31-centric distance of rj\/3i — 168 ± 29 kpc 
for And X, well within M31's estimated virial radius of 
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Fig. 6. — Same as for Figure[5] except for And XVII. The measured intrinsic metallicity spread is here 0.31 ± 0.03 dex. 



300 kpc (jKlvpin et al.|[200l . And XVII lies at a pro- 
jected distance of 3°. 2 from the center of M31, making 
it, in projection, one of the innermost known members 
of the sateUite system. This translates to a projected 
separation of 44 kpc at the distance of Andromeda, and 
a distance of tmsi = 73 from the center of M31. Due to 
the non-Gaussian shape of the probability distribution 
function of the M31-centric distance, we do not quote 
errors in the same way as for And X. We arrive at a min- 
imum distance of 44 kpc (the projected separation) and 
a maximum distance of 100 kpc. 

3.3. Metallicities 

The apparent width of the giant branch in the CMDs 
of And X and And XVII seen in Figures [1] and [U naively 
suggests that the galaxies are composed of stars with a 
range of metallicities. However, we must carefully ex- 
plore which fraction of the observed width is due to pho- 
tometric errors and which is due to intrinsic metallicity 
variations. 

We apply a colour cut to extract RGB stars from each 
dwarf, and a faint limit such that we minimize the con- 
tamination from HB stars. Our background corrected 
selection is shown by the orange filled points in Figures 
[5] and [HI Although it is correct that the background is 
statistically removed, it is still necessary to apply the ini- 
tial colour cut: since the metal poor isochrones become 
increasingly closer together, we found that only a few 
background blue stars which escaped removal were able 
to significantly skew the mean metallicity. 

The metallicity estimates of individual RGB stars were 
obtained by interpolating (or extrapolating when neces- 
sa ry) their posi t ion in colour-magnitude space in a grid 
of iDotter et al.l (|2007| ) isochrones at the distance moduli 
determined above. A representation of how this is done 
is shown in the left panels of Figures [S] and [HI where we 
have overlaid the RGB stars onto isochrones of different 
metallicity to show the relative positions in the {B — V)o- 
Vq plane. To determine the metallicities we have used 13 



Gyr, [a/Fe] = -1-0.4 isochrones ranging from [Fe/H] = 
—2.5 to [Fe/H] = -1-1.0, in steps of 0.1 dex. We then cor- 
rect for the background by removing the nearest RGB 
neighbour to each background RGB star from the com- 
putation, although with and without correction produces 
an identical resulting mean. In this way both galaxies are 
determined to be metal-poor, with derived mean metal- 
licities of ( [Fc/H]) = -2.2 for And X and ( [Fc/H]) 
— —2.0 for And XVII. The corresponding isochrones to 
these mean metallicities are overlaid on the CMDs in 
Figures [T] and m and show good agreement. 

Since adjustments to the distance moduli used in the 
above analysis will affect these metallicity determina- 
tions, we re-run the analysis for la shifts our determined 
(m — M)o. These shifts in distance translate to «0.05 
dex differences in metallicity (more metal-poor for larger 
distance moduli and more metal-rich for smaller distance 
moduli). 

Without observing down to the main-sequence turnoff, 
the precise ages of And X and And XVII are unknown. 
We have made the assumption that the stellar popula- 
tions in both galaxies are predominately old, based on ev- 
idence of other dSphs whose star formation histories have 
been measured (e.g., iMateo I ()1998f ): iHarbeck. D. et all 
()2001t )) and the lack of thermally pulsating asymptotic 
giant branch stars in the CMD which would indicate the 
presence of a young population of stars. Even if our age 
assumption is inaccurate, for a shift in age from 13 Gyr 
to 10 Gyr, we derive the mean metallicities for our galax- 
ies to be only 0.1 dex more metal-rich. Similarly to the 
uncertainty in age, there are also currently no direct con- 
straints on the a-enhancement of And X or And XVII. 
In Milky Way studies, high resolution stellar spectra 
have shown dSphs of low metallicity (Draco, Ursa Minor, 
and Sextans with [Fe/H]= -2.00 ± 0.21, -1.90 ± 0.11, 
and —2.07 ± 0.21 respectively) to be s lightly enhanced 
in g-e lements, 0.02 < [a/Fe] < 0.13 (jShetrone et al. I 
()2001t )). Since there are currently no a- abundance mea- 
surements for any Andromeda dSphs, we run the anal- 
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ysis for [Q;/Fe]=0, in additfon to the [a/Fe]=+0.4. The 
solar alpha abundance yields more metal-rich estimates 
of ( [Fe/H])=-2.1 for And X and ( [Fe/H])=-1.7 for 
And XVII. Therefore we conclude that reasonable shifts 
in distance, age and alpha-abundance do not drastically 
affect our metallicity scale. 

In order to determine the mean metallicity and the 
error-corrected metallicity spread, we use a Monte Carlo 
approach. We generate 1000 RGBs by drawing points at 
random from the Gaussian error distributions for each 
star in the CMD, and applying our RGB colour cut. For 
each of the 1000 realizations, we remove background stars 
as before and interpolate each star's colour-magnitude 
position through the grid of isochrones. The resulting 
metallicity distribution of each dwarf, averaged over the 
1000 realizations, is shown in the upper right panels of 
Figures [5] and [51 To compute the error corrected spread 
of this distribution, we interpret the photometric errors 
as metallicity differences (A[Fe/H]s). In the lower right 
panels of Figures [5] and [5] we show the distribution of 
the A[Fe/H]s averaged over the 1000 realizations. The 
spread of this distribution is then the contribution of 
photometric errors to the observed metallicity spread. 
Thus, we subtract in quadrature the expected width from 
the observed width, to derive the intrinsic metallicity 
spreads of 0.23 ± 0.04 dex for And X and 0.31 ± 0.03 
dex for And XVII. 

It should be noted that the determination of the metal- 
licity spread is more robust than the absolute values as 
isochrones based on different stellar evolutionary mod- 
els will not yield the same mean metallicities as derived 
here. Also due to the small color differences between 
metal-poor isochrones, the resulting spread in the de- 
rived metallicity will change. The important result to 
take away from this section is that these systems are 
both metal-poor (( [Fe/H]) < —1.9) and show signifi- 
cant metallicity spreads, consistent with multiple stellar 
populations. 

3.4. Luminosities 

To determine the total luminosity of each dwarf we 
again use a Monte Carlo approach. We generate 1000 re- 
alizations of the CMD by drawing points from the Gaus- 
sian error distributions of each star and then apply the 
same RGB cut as in the metallicity section. For each re- 
alization, we calculate the mean Lrgb by summing the 
flux contribution of each RGB star, and correcting for 
the expected contribution of the background. This gi- 
ant branch luminosity then needs to be augmented by 
the contribution of stars t oo faint to b e obse rved. In 
order to do this we use the iDotter et al] (|2007l ) 13 Gyr, 
[a/Fe] =-1-0.4 LFs of the mean metallicity of the dwarf 
to determine the fraction of missing light (i.e., (RGB 
Flux) /(Total Flux) ). 

The effect of the photometric errors on (Lags) is esti- 
mated by the la errors in the distribution of the LftCB 
measurements of the 1000 realizations. We combine this 
photometric error in quadrature with the error in dis- 
tance modulus to obtain a ± 0.08 mag for And X and 
0.07 mag for And XVII. However, these uncertainties 
do not contain the systematic errors resulting from our 
choice of age and alpha abundance. Thus, we recompute 
the total magnitude of each system using a LF for 10 
Gyrs, [a/¥e]=+QA and a LF for 13 Gyrs, [a/Fe]=-hO.O. 



Combining all uncertainties together we have resulting 
total V-band magnitudes of My = —7.36 ± 0.07 (photo- 
metric) which could infiate by 0.29(age) ^ 0.63([a/Fe]) 
for And X and My = -8.61 ± 0.07 (photometric) 
which could inflate by +/ 0.02(age) +/ 0.28([a/Fe]) for 
And XVII. 

4. SUMMARY 

Using deep broad-band observations obtained with the 
LBC imager on the LBT, we have derived distances, 
metallicities, structural parameters and total luminosi- 
ties for the dwarf galaxies And X and And XVII. The 
resulting deep CMDs, presented in the left panels of Fig- 
ures [T] and [2l allow for the first time distance determi- 
nations to be made using the HB magnitudes of these 
systems. 

Based on our data, a summary of our results is as fol- 
lows: 

(1) And X is highly elliptical (e=0.48 ± 0.06) with its 
semi-major axis aligned toward Andromeda. One could 
wonder if tidal forces are responsible for this large elonga- 
tion, however the M31-centric distance of 174 kpc makes 
this unlikely, but not impossible: NGC 147 has large 
tidal tails at a distance of 150 kpc from M3 1. In the 
initial discovery paper of iZucker et al.l (|2007D . the dis- 
tance determination could only be made using the RGB 
tip magnitude, as deeper data were not available. In this 
way a distance modulus of (m — M)o ~ 24.12 - 24.34 was 
derived, yielding an absolute magnitude of My k, —8.1 
± 0.5. With our revised HB distance estimate we ob- 
tain 23.98 ± 0.07, significantly closer, thus corresponding 
to a fainter magnitude of My = — 7.36±0.08, assuming 
[a/Fe] =-1-0.4 and an age of 13 Gyr. Using this dis- 
tance modulus we compute a photometric metallicity of 
{[Fe/H])=-2.2 under the assumption of [a/Fe] =-1-0.4. 
This comp ares nicely with th e spectroscopic results ob- 
tained bv iKalirai et al.l (|2009l ). who found And X to have 
[Fe/H]spec = —2.18 ± 0.15 from the co-added spectrum 
of 22 member red giant branch stars. Additionally, we 
find a substantial error-corrected metallicity spread of 
0.2±0.04 dex, strongly suggesting multiple stellar popu- 
lations are present. 

(2) And XVII is a reasonably bright system with My = 
-8.66±0.07 and a mean metallicity of {[Fe/ H])=-2.Q, 
under the assumption of [a/Fe] =-f0.4 and an age of 
13 Gyr. This compares well with the properties de- 
rived from t he sh allow CMD in the discovery paper by 
llrwin et all pOOl of [Fe/H] w -1.9 and My « -8.5. 
However we do find a closer distance modulus of 24.33 ± 
0.07 compared to the (m - M)o=24.5± 0.1 found by Ir- 
win et al. The revised luminosity of And XVII is higher 
even though we derived a closer distance. This is due 
to the fact that the luminosity is not only a function of 
distance, but of metallicity and alpha enhancement as 
well. Here, we have revised both, contributing to the 
difference. Additionall y the luminosity fu nctions used to 
compute luminosity in llrwin "eFaH (l2008l) may have been 
different, however, the author of the previous paper do 
not explain how they have done their computation. Af- 
ter error correction, we derive the metallicity spread of 
And XVII to be 0.3 ±0.03 dex. This is a clear indication 
of a multiple stellar population system. Additionally, 
luminosity measurements agree with the previous deter- 
mination of lower precision if systematic errors are taken 
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into account. 

Although we confirm the bulk of the properties of 
And X and And XVII originall y deter mine d in the dis- 
covery papers by iZucker et alJ (|2007| ) and llrwin et "aD 
(pool , our revised HB distances put both galaxies 
significantly closer (78 kpc for And X and 60 kpc 
for And XVII). Since obser vations of on l y the RGB 
were available at the time, IZucker et al.l ()2007[ ) and 
llrwin et all (|20Q8D used the RGB tip magnitude to esti- 



mate their distances. With our new distance estimates, 
we show how essential HB observations are for systems 
with poorly sampled RGBs. Our results warn against 
solely using the RGB tip technique for these systems 
— as missing critical stars near the tip can lead to an 
overestimated distance, as shown in this paper, and con- 
sequently affects both the derived metallicity and total 
luminosity of the system. 
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